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(54) Separator of a fuel cell and a manufacturing method thereof 



(57) A separator (10) of a fuel cell includes a base 
material (11) and a surface.treatment layer (12) formed 
on the base material (11). The surface treatment layer 
(12) includes a base material-side portion (12a) made 
from metal and a base material opposite-side portion 
(1 2b) made from carbon formed at an atom level or com- 



posite materials" of carbon and metal or semi-metal. The 
surface treatment layer (12) may further include carbon 
particle composite layer (16) formed on the base mate- 
rial opposite-side portion (12b) formed at an atom level. 
In a manufacturing method of the above separator (10) 
of a fuel cell, the base material opposite-side portion 
(12b) is formed by dry coating. 



FIG. 13 
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Description 

[0001] The present invention relates to a separator for 
a fuel cejl and a manufacturing method thereof, and 
more particularly, relates to a metal separator of PEFC 5 
(Polymer Electrolyte Fuel Cell) and a manufacturing 
method thereof. 

[0002] A PEFC apparatus includes individual fuel 
cells. Each fuel cell includes a membrane-electrode as- 
sembly (MEA) and a separator. The MEA includes an 10 
electrolyte membrane and a pair of electrodes disposed 
on opposite.sides of the electrolyte membrane. The pair 
of electrodes includes an anode provided on one side 
of the membrane and constructed of a first catalyst layer 
and cathode provided on the other side of the mem- 15 
brane and constructed of a second catalyst layer. A first ' 
diffusion layer may be provided between the first cata- 
lyst layer and a first separator and a second diffusion 
layer may be provided between the second catalyst lay- 
er and a second separator. The first separator has a pas- 20 
sage formed therein for supplying fuel gas (hydrogen) 
to the anode and the second separator has a passage 
formed therein for supplying oxidant gas (oxygen, usu : 
ally, air) to the cathode. The separator constructs a pas- 
sage of electrons between adjacent fuel cells. 25 
[0003] At least one layer of the fuel ceil constructs a 
module. A number of modules are piled, and electrical 
terminals, electrical insulators, and end plates are dis- 
posed at opposite ends of the pile of modules. After 
tightening the pile of modules in a fuel cell stacking di- 30 
rection, the end plates are coupled to a fastening mem- 
ber (for example, a tension plate) extending in the fuel 
cell stacking direction outside the pile of modules by 
bolts extending perpendicularly to the fuel cell stacking 
direction, thereby constructing a stack of fuel cells. 35 
[0004] In the PEFC, at .the anode, hydrogen is 
changed to positively charged hydrogen ions (i.e., pro^ 
tons) and electrons. The hydrogen ions move through 
the electrolyte membrane to the cathode where the hy- 
drogen ions react with oxygen supplied and electrons 40 
(which are generated at an anode of the adjacent MEA 
and move to the cathode of the instant MEA through a 
separator, or which are generated at an anode of one of 
the axially outmost fuel cells and move to the cathode ' 
of the other of trie axially outmost fuel cell through an 45 
outside electrical circuit) to form water as follows: 
At the anode: H 2 2H + + 2e- 
At the cathode: 2H + + 2e- + (1/2)0 2 -> H 2 0 
[0005] Since the separator is required to have an elec- 
trical conductivity, the separator is made from metal, so 
carbon, electrically conductive synthetic resin, or com- 
bination of metal and synthetic resin. 
[0006] . The carbon separator arid the electrically con- 
ductive synthetic resin separator are chemically stable 
even when exposed to acid water and maintains the 55 
electrical conductivity for a long period of time. However, 
since it has to have a relatively large thickness for en- 
suring a strength at a bottom of the reactant gas pas- 



sage when the passage is formed in the separator, a 
length of the fuel cell stack is necessarily large. 
[0007] In contrast, with the metal separator, since the 
metal separator has a relatively large strength and the 
thickness at the bottom of "the reactant gas passage of 
the separator may be thin, a length of the fuel cell stack 
is relatively small. However, since the metal separator 
suffers corrosion when exposed to acid water for a long 
period of time, there arises the problems of a decrease 
in the electrical conductivity due to the corrosion and a 
decrease of the electrical output of the fuel cell. There- 
fore, to use the metal separator, the corrosion resistance 
and the electrical conductivity of the metal separator 
should be assured for a long period of time. 
[0008] Japanese Patent Application 2000-137881 dis- 
closes a separator for a fuel cell where an amorphous 
"carbon layer, which is excellent in electrical conductivity 
and corrosion resistance, is formed directly on a surface 
of a base material of the separator by ion beam vapor 
deposition method. 

[0009] However, with the conventional metal separa- 
tor, there is a problem that since the carbon layer is' 
formed directly on the metal separator base material, 
bonding of the carbon layer with the metal separator 
base material (SUS) is insufficient. When an acid water 
invades between the carbon layer and the base material 
at carbon layer peeled portions, metal of the base metal 
is melted in the form of ions into the water to attack the 
membrane electrolyte to shorten the life of the fuel cell.- 
[001 0] An object of the present invention is to provide 
a separator, a base material of which" is' metal, of a fuel 
cell and a manufacturing method thereof which can 
maintain a high electrical conductivity and an excellent 
corrosion resistance for a long period of time. 
[001 1] The above object can Jbe performed by the fol- 
lowing separator and manufacturing method according 
to the present invention: 

(1) A separator of a fuel cell including: 

a base material made of metal and a surface 
treatment layer formed on. the base material, 
the surface treatment layer including: 

a base material-side portion made from 
metal or semi-metal (Me), or carbide of the 
metal or semi-metal (MeC); and 
a base material opposite-side portion 
made from carbon (C) formed at an atom 
level, or composite materials of carbon and 
(a) the metal or semi-metal or (b) the car- 
.bide of the metal or semi-metal (C + Me or 
MeC) formed at an atom level. 

(2) A separator according to above (1), wherein the 
surface treatment layer further includes a carbon 
particle composite layer formed on the base mate- 
rial opposite-side portion. 
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(3) A manufacturing method for a separator of a fuel 
cell including a base material made of metal and a 
surface treatment layer formed on the base materi- 
al, the surface treatment layer including: 

a base material-side portion made from metal 
or semi-metal (Me), or carbide, of the metal or 
semi-metal (MeC); and 

a base material opposite-side portion made 
from carbon (C) formed at an atom level, or 10 
composite materials of carbon and (a) the metal 
or semi-metal or (b) the carbide of the metal or 
semi-metal (C + Me or MeC) formed at an atom 
level, 

the method including a step of forming the base is 
material opposite-side portion by dry-coating 
including a physical vapor deposition. 



(4) A method according to above (3), further includ- 
ing a step of forming a carbon particle composite 
layer on the base material opposite-side portion. 



20 



[0012] According to above (1), since the surface treat- 
ment layer includes a metal layer (the base material- 
side portion) between the carbon layer (the base mate- 25 
rial opposite-side portion) and the separator base ma- 
terial, a bond between the carbon iayer and the separa- 
tor base material is enhanced so that a corrosion resist- 
ance and a life of the fuel cell are improved. Further, 
since the carbon layer is formed at an atom level, de- 30 
fects are Unlikely to be generated in the carbon layer so 
that a high electrical conductivity (a low electric resist- 
ance) and a high corrosion resistance are obtained. 
[0013] According to above (2), since the carbon par- 
ticle composite layer (for example, a carbon coating lay- 35 
er, thus, formed at a non-atom level) is formed on the 
base material opposite-side portion, the effect of the 
above (1) is obtained as it is. If as a surface treatment 
layer, a noble metal layer is formed on the baislb material 
and a carbon coating layer is formed on the noble metal 40 
layer, a low'electric resistance, a high corrosion resist- 
ance and a long life will be obtained. The same effects 
as those of the surface treatment layer of the . noble met- 
, al layer and the carbon coating layer can be; obtained 
. by the above (2), without using noble metal, that is, at a 45 
cheaper cost. 

[0014] According to above (3) and (4), since at least 
the carbon layer is formed by dry coating, the carbon 
layer can be formed easily at an atom level. 
[001 5] The above and other objects, features, and ad- 50 
vantages of the present invention will become apparent 
and will be more readily appreciated from thejfollowing 
detailed description of the.prefe rred embodiments of the 
present invention in conjunction with the accompanying 
drawings, in which; 55 

FIG. 1 is. an enlarged, cross-sectional view of one 
portion of a separator of a fuel cell of Variation I ac- 



cording to a first embodiment and a second embod- 
iment of the present invention. 
FIG. 2 is an enlarged, cross sectional view of one 
portion of a separator of a fuel cell of Variation II 
according to a first embodiment and a second em- 
bodiment of the present invention. 
FIG. 3 is an enlarged, cross-section al view of one 
portion of a separator of a fuel cell of Variation III 
according to a first embodiment and a second em- 
bodiment of the. present invention. 
FIG. 4 Is an enlarged, cross-sectional view of one 
portion of a separator of a fuel cell of Variation IV 
according to a first embodiment and a second em- 
bodiment of the present invention. 
FIG. 5 is an enlarged, cross-kectional view of one 
portion of a separator of a fuel cell of Variation V 
according to a first embodiment and a second em- 
bodiment of the present invention. 
FIG. 6 is an enlarged, cross-sectional view of one 
portion of a separator of a fuel cell of Variation VI 
according to a first embodiment and a second em- 
bodiment of the present invention. 
FIG. 7 is an enlarged, cross-sectional view of one 
portion of a separator of a fuel cell of Variation VII 
according to a first embodiment and a second em- 
bodiment of the present invention. 
FIG. 8 is an enlarged, cross-sectional view of one 
portion of a separator of a fuel cell of Variation VIII 
according to a first embodiment and a second em- 
bodiment of the present invention. 
FIG. 9 is an enlarged, cross-sectional view of one 
. portion of a separator of a fuel cell of Variation IX 
according to a first embodiment and a second em- 
bodiment of the present invention. 
FIG. 10 is an enlarged, cross-sectional view of one 
portion of a separator of a fuel cell of Variation X 
according to a first embodiment and a second em- 
bodiment of the present invention. 
FIG. 11 is an enlarged, cross-sectional view of one 
portion of a separator of a fuel cell of Variation XI 
according to a first embodiment and a second em- 
bodiment of the present invention. 
FIG. 12 is an enlarged, cross-sectional view of one 
portion of a separator of a fuel cell of Variation XII 
according to a first embodiment and a second ^em- 
bodiment of the present invention. 
FIG. 13 is an enlarged cross-sectional view of one 
portion of a separator of a fuel cell according to a 
second embodiment of the present invention. 
FIG. 14 is a cross-sectional view of an apparatus 
for conducting corrosion resistance tests 1 and 2 for 
a separator according to the present invention and 
a comparison example. 

FIG. 15 is a graph illustrating test results of the cor- 
rosion resistance test 1 for the separator according 
to the present invention and the comparison exam- 
ple. 

FIG. 1 6 is a graph illustrating test results of the cor- 
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rosion resistance test 2 for the separator according 
to the present invention and the comparison exam- 
ple." 

FIG. 17 is a cross-sectional view of an apparatus 
for conducting contact resistance tests 1 and 2 for 
a separator according to the present invention and 
. a comparison example. 
FIG. 18 is a graph illustrating test results of the con- 
tact resistance test 1 for the separator according to 
the present invention and the comparison example. 
FIG. 19 is a graph illustrating test results of the con- 
tact resistance test 2 for the separator according to 
the present invention and the comparison example. 

[0016] A separator of a fuel cell and a manufacturing 
method thereof according to the present invention will 
be explained with reference to FIGS; 1-19. 
[0017] FIGS. 1-12 illustrate Embodiment 1 of the. 
present invention. In Embodiment 1 , the separator has 
a surface treatment layer including a carbon layer 
formed at an atom level. 

[0018] FIG. 13 illustrates Embodiment 2 of the 
present invention. In Embodiment 2, the separator has 
a surface treatment layer including a carbon particle 
composite layer further formed on the carbon layer of 
Embodiment 1. 

[0019] FIGS. 1-12 illustrate a plurality of variations 
(Variations l-XII) of the surface treatment layer applica- 
ble to Embodiments 1 and 2. 

[0020] Portions common or similar to all of the embod- 
iments and variations of the present invention are de- 
noted with the same reference numerals throughout all 
of the embodiments of the present invention. 
[0021] First, those portions common or similar to all 
of the embodiments and variations will be explained with, 
reference to FIG. 1. 

[0022] A fuel cell into which a separator according to 
the present invention is piled is mounted to, for example, 
a vehicle. However, the fuel celi may be used for other 
than a vehicle. The fuel cell is of a polymer electrolyte 
fuel cell (PEFC). The PEFC may have the same stack 
structure as that of the convention al fuel cell explained 
in Related Art. 

[0023] the separator 1 0 of the fuel cell is a metal sep- 
arator, and as illustrated in FIG. 1 , has a separator base 
material 11 (hereinafter, base material) made of metal 
and a surface treatment layer 1 2 formed on a surface of 
the base material. 11. 

[0024] The surface treatment layer 12 includes; 

a base material-side portion 12a (a portion close to . 
the base-material 11) made from metal or semi-met- 
al (Me), or carbide of the metal or semi-metal 
(MeC); and 

a base material opposite-side portion 12b (a portion 
far from the base material 11 ) made from carbon (C) 
formed at. an atom level, or composite materials of 
carbon and (a) the metal or semi-metal. or (b) the 



carbide of the metal or semi-metal (C + Me or MeC) 
formed at an atom level. 

[0025] The surface treatment surface 12 includes at 
5 least two of (a) metal or semi-metal, (b) carbide of the 
metal or semi-metal, and (c) carbon. The surface treat-, 
ment surface 12 may have an inclination in a composi- 
tion, ratio between the base material-side portion 12a 
and the base material opposite-side portion 12b. In the 
io case, the outside carbon layer may be the (C + Me or 
MeC). 

[0026] the metal (Me) of the surface treatment sur- 
face 12 may be of the same kind as or that of the base 
material 11 or of a different kind from that of the base 
15 material 11. 

[0027] Preferably, the metal or semi-metal (Me) has a 
corrosion resistance equal to or more than that of the 
base material 11 and has a chemical reactivity (a bond) 
with carbon. 

20 [0028] the metal of the base material 11 includes 
stainless steel (SUS), steel, aluminum (Al), aluminum 
alloy, titanium (Ti), and titanium alloy. 
[0029] The base material opposite-side portion 12b of 
the surface treatment layer 12, constructed of carbon 

25 (C) formed at an atom level, or composite materials of 
carbon and the metal or semnmetal or the carbide of the 
metal or semi-metal (C + Me or MeC) formed at an atom 
level is formed by a dry coating which includes anyone- 
of: . 

30 ... .J 

a) P\/D (physical vapor deposition) including asva- 
por deposition, sputtering and ion plating (in the 
process, a gas such as HC as well as a solid target . 
may be used for a carbon source); and 
35 b) CVD (chemical vapor deposition).' 

[0030] Carbon has a low electric resistance and a high 
corrosion resistance. The carbon (C) formed at an atom 
level or the composite materials of carbon and the metal 
to or semi-metal or the carbide of the metal or semi-metal 
(C + Me or MeC) formed at an atom level has almost no 
defects (porosities). 

[0031] The metal or semi-metal (Me) constructing the 
base material-side portion 12a includes: titanium (Ti), 

45 zirconium (Zr), hafnium (Hf) of Group 4A of periodic ta- 
ble; vanadium (V), niobium (Nb), tantalum (Ta) of Group 
5A of periodic table; c+iromium (Cr), molybdenum (Mo), 
tungsten (W) of Group 6A of periodic table; silicon (Si) 
of Group 4B of periodic table; and boron (B) of Group 

50 3B of periodic table. 

[0032] The metal or semi-metal (Me) has a high car- 
bide forming ability (a high affinity with carbon) and is a 
metal or semi-metal having a bond ability with carbon. 
The metal orsemi-metal (Me) has a high acid resistance 

55 and a high corrosion resistance. 

[0033] Because of metal or semi-metal, the metal or 
.semi-metal (Me) can conduct metal-metal bonding. As 
a result, the bond strength of the metal or semi-metal 



7 



EP 1 369 942 A2 



8 



(Me) layer with the base material 11 is increased and is 
unlikely to peel off, and micro-sized defects of an atom 
level is suppressed. 

[0034] Preferably, the metal or semi-metal (Me) layer 
constructing , the base material-side portion 12a is 
formed by a dry coating including PVD and CVD. How- 
ever, the (Me) layer may be formed by a wet coating 
including an electrical plating other than vapor deposi- 
tion. 

[0035] FIGS. 1-12 illustrate various variations (Varia- 
tions l-XII) which the surface treatment layer 12 can take 
and are applicable to each of Embodiments 1 and 2 of 
the present invention. The surface treatment layer 12 
may take any structure of FIGS. 1-12. Each variation will 
be explained below. 

[Variation I] 

[0036] In Variation I, as illustrated in FIG. 1, the sur- 
face treatment layer 12 includes: 

a (Me or MeC) layer 1 3 formed on the base material 
1 1 , made from the metal or semi-metal (Me) having 
a corrosion resistance or the carbide of the metal or 
semi-metal (MeC); 

a (carbon-Me or MeC) inclination layer 14 formed 
on the (Me or MeC) layer 13, including the carbon 
(C), and the metal or semi-metal (Me), which may 
the same kind of metal as that of the layer 1 3 or may 
be a different kind of metal from that of the layer 13, 
or the carbide of the metal or semi^metal (MeC), 
where a composition ratio of the carbon (C) is in- 
creased in a direction away from the base material 
1.1; and 

a carbon layer 15 formed at an atom level, formed 
on the (carbon-Me or MeC) inclination layer 14. 

[0037] The base material-side portion 1 2a includes (is 
formed by) the (Me or MeC) layer 13, and the base ma- 
terial opposite-side portion 12b includes (is formed by) 
the carbon layer 15. 

[0038] Effects obtained by Variation I are as follows: 

(a) Since the carbon layer 15 is provided, a low elec- 
tric resistance and a high corrosion resistance are 
obtained, so that a reliability of the separator is im- 
proved. 

(b) Since the (carbon-Me or MeC) inclination layer 
14 is provided, 

(b-1) due to the carbon-metal bonding, the (car- 
bon-Me or MeC) inclination layer 14 is tight, so 
that a low electric resistance and a high corro- 
sion resistance are obtained; and 
(b-2) due to the inclination of the composition 
ratio of carbon and metal or semi-metal, a 
stress in the (carbon-Me or MeC) inclination 
layer 14 is relieved, so that a bond strength be- 



tween the (carbon-Me or MeC) inclination layer 
14 and each of the carbon layer 15 and the (Me 
or MeC) layer 13 is increased, and as a result, 
a bond strength between the carbon layer 15 
5 and the base material 11 also is increased. 

(c) Since the (Me or MeC) layer 13 is provided, 

(c-1) due to the metal-metal bonding between 
10 the (Me or MeC) layer 13 and the (carbon-Me 

or MeC) inclination layer 1 4, and due to the met- 
al-metal bonding between the (Me or MeC) lay- 
er 13 and the base material 11, bond strengths 
between the layers are increased, so that a 
is structural reliability is increased; and 

(c-2) by using a metal more electric-chemically 
stable than the base material 11 , for the (Me or 
MeC) layer 13, a high corrosion resistance is 
obtained. 

[Variation II] 

[0039] In Variation if, as illustrated in FIG. 2, the sur- 
face treatment layer 12 includes: 

25 

a (carbon-Me or MeC) inclination layer 14 formed 
on the base material 11, including the carbon (C), 
and the metal or semi-metal (Me) or the carbide of 
the metal or semi-metal (MeC), where a composi-. 
30 tion ratio of the carbon (C) is increased in a direction 
away from the base material 11; and 
a carbon layer 15 formed at an atom level, formed 
on the (carbon-Me or MeC) inclination layer 14. 

35 [0040] The base material-side portion 12a includes a 
portion close to the base material 11, of the (carbon-Me 
or MeC) inclination layer 14, and the base material op- 
posite-side portion 12b includes the carbon layer 15. 
[0041] Effects obtained by Variation II are as follows: 

40 

(a) Since the carbon layer 1 5 is provided, a low elec- 
tric resistance and a high corrosion resistance are 
obtained, so that a reliability of the separator is im- 
proved. 

45 ' (b) Since the (carbon-Me or MeC) inclination layer 
14 is provided, 

(b-1 ) due to the carbon-metal bonding, the (car- 
bon-Me or MeC) inclination layer 14 is tight, so 

so that a low electric resistance and a high corro- 

sion resistance are obtained; and . 
(b-2) due to the inclination of the composition 
ratio of carbon and metal or semi-metal, a 
stress in the (carbpn-Me or MeC) inclination . 

55 layer 14 is relieved, so that a bond strength be- 

tween the (carbon-Me or MeC) inclination layer 
14 and each of the carbon layer 15 and the base 
material 11 is increased, and as a result, a bond 



30 
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strength between the carbon layer 15 and the 
base material 11 also is increased. 

[Variation III] 

. 5 

[0042] In Variation III, as illustrated in FIG. 3, the.sur- 
face treatment layer 12 includes: 

a (Me or MeC) layer 1 3 formed on the base material 
11, made from the metal or semi-metal (Me) having 10 
a corrosion resistance and a bond ability with car- 
bon orthe carbide of the metal or semi-metal (MeC); 
and 

a carbon layer 15 formed at an atom level, formed 

on the (Me or MeC) layer 13.. is 

[0043] The base material-side portion 12a includes 
the (Me or MeC) layer 13, and the base material oppo- 
site-side portion 12b includes the carbon layer 15. 
[0044] Effects obtained by Variation III are as follows: 20 

(a) Since the' carbon layer 1 5 is provided , a low elec- 
tric resistance and a high corrosion resistance are 
obtained, so that a reliability of the separator is im- 
proved. 25 

(b) Since the (Me or MeC) layer 13 is provided, 

(b-1) due to the metal-metal bonding between 
the (Me or MeC) layer 13 and the base material 
11 and due to the carbon-metal bonding be- 30 
tween the (Me or MeG) layer 13 and the carbon 
layer 15, bond strengths between the layers are 
increased, so that a structural reliability is in- 
creased; and 

(b-2) by using a metal more electric-chemically 35 
stable than the base material 11, for the (Me or 
MeC) layer 13, a high corrosion resistance is 
obtained. 

[Variation IV] 40 

[0045] In Variation IV, as illustrated in FIG. 4, the sur- 
face treatment layer 12 includes a (carbon-Me or MeC) 
inclination layer 14 formed on the base material 11, in- 
cluding the carbon (C), and the metal orsemi-metal (Me) 45 
or the carbide of the metal or semi-metal (MeC), where 
a composition ratio of the carbon (C).is increased in a 
direction away from the base material 11. 
[0046] The base material-side portion 12a includes a 
portion close to the base material 11 , of the (carbon-Me so 
or MeC) inclination layer 14, and the base material op- 
posite-side portion 12b includes a portion far from the 
base material 11 , of the (carbon-Me or MeC) inclination 
layer 14. 

[0047] Effects obtained by Variation IV are as follows: 55 

(a) Since the (carbon-Me or MeC) inclination layer- 
14 is provided, 



(b-1) due to the carbon-metal bonding, the (car- 
bon-Me orJvleC) inclination layer 14 is tight, so 
that a low electric resistance and a high corro- 
sion resistance are obtained; and 

due to the structure that the base material 
opposite-side portion 1 2b includes a portion far 
from the base material 11, of the (carbon-Me or 
MeC) inclination layer 14 and that the portion 
far from the base material 11 is almost a carbon 
layer, a low electric resistance and a high cor- 
rosion resistance are obtained, so that a relia- 
bility of the separator is improved; and 
(b-2) due to the inclination of the composition 
ratio of carbon and metal or semi-metal, a 
stress in the (carbon-Me or MeC) inclination 
layer 14 is relieved. Further, since a bond 
strength between layers in the (carbon-Me or 
MeC) inclination layer 14 is large and a bond 
strength between the base material-side por- 
tion 12a and the base material 11 is large, the 
outermost portion which is an almost carbon 
portion, of the (carbon-Me or MeC) inclination 
layer 14 strongly bonds to the base material 11. 
As a result, a high corrosion resistance and a 
long life are assured. 

>■ [Variation V] 

[0048] Variations V-VIII are variations of intermediate 
layers 13 and 14 of Variations l-IV, where the metal or 
semi-metal (Me) are constructed of two or more metals 
or semi-metals, for example, Me (A) of tungsten and Me 
(B) of chromium. The layer may include a plurality kinds 
of metals or semi-metals where the composition ratio 
inclines, and may include one kind of metal orsemi-met- 
al. 

[0049] More particularly, in Variation V, as illustrated 
in FIG. 5, the surface treatment layer 12 includes: 

a (Me(B) or Me(B)C) layer 13 formed on the base 
material 11, made from the metal orsemi-metal (Me 
(B)) of a kind (B) having a corrosion resistance or 
the carbide of the metal or semi-metal of the kind 
(B) (Me(B)C); 

a (Me(A) or Me(A)C-Me(B) or Me(B)C) inclination 
layer 14-1 formed on the (Me(B) or Me(B)C) layer 
13, including the metal or semi-metal (Me(A)) of an- 
other kind (A) or the carbide of the metal or semi- 
metal of the kind (A) (Me(A)C), and the metal or 
semi-metal (Me(B)) of the kind (B) or the carbide of 
the metal or semi-metal of the kind (B) (Me(B)C), 
where a composition ratio of the metal orsemi-met- 
al (Me(A)) of the kind (A) or the carbide of the metal 
or semi-metal of the second kind (A) (Me(A)C) is 
increased in a direction away from the base material 
11; 

a (carbon-Me(A) or Me(A)C) inclination layer 14-2 
formed on the (Me(A) or Me(A)C-Me(B) or Me(B)C) 



11 



EP 1 369 942 A2 



12 



inclination layer 14-1, including the carbon (C), and 
the metal or semi-metal (Me(A)) of the kind (A) or 
the carbide of the metal or semi-metal (Me(A)C) of 
the kind (A), where a composition ratio of the carbon 
(C) is increased in a direction away from the base 5 
material 11 ; and 

a carbon layer 15 formed at an atom level, formed 
on the (carbon-Me(A) or Me(A)C) inclination layer 
14-2. 

10 

[0050] In a case where the metal or semi-metal in- 
cludes two kinds (A) and (B), the inclination layer in- 
cludes two layers 14-1 and 14-2, and in a case where 
the metal or semi-metal includes a plurality of kinds (A), 
(B) ••• and (N), the inclination layer includes a plurality is 
of layers 14-1, 14-2, — and 14-N, 
[0051] The base material-side portion 12a includes 
the (Me(B) or Me(B)C) layer 13, and the base material 
opposite-side portion 12b includes the carbon layer 15. 
[0052] Effects obtained by Variation V are as follows: 20 



(c-1) due to the metal-metal bonding. between 
the (Me(B) or Me(B)C) layer 13 and the(Me(A) 
or Me(A)C-Me(B) or Me(B)C) inclination layer 
14-1, and due to the metal-metar bonding be- 
tween the (Me(B) or Me(B)C) layer 13 and the 
base material 11, bond strengths between the 
layers are increased, so that a structural relia- 
bility is increased; and 

(c-2) by using a metal more electric-chemically 
stable than the base material 11 , for the (Me(B) 
or Me(B)C) layer 13, a high corrosion resist-, 
ance is obtained. 

[Variation VI] 

[0053] In Variation VI, as illustrated in FIG. 6, the sur- 
face treatment layer 12 includes: 

a (Me(A) or Me(A)C-Me(B) or Me(B)C) inclination 
layer 14-1 formed on the base material 11, including 
the metal or semi-metal (Me(A)) of a kind (A) or the 
carbide of the metal or semi-metal of the kind (A) 
(Me(A)C), and the metal or semi-metal (Me(B)) of 
the kind (B) or the carbide of the metal or semi-metal 
of the kind (B) (Me(B)C), where a composition ratio 
of the metal or semi-metal (Me(A)) of the kind (A) 
or the carbide of the metal or semi-metal of the sec- 
ond kind (A) (Me(A)C) is Lhcreasedin a direction 
away from the base material 11; 
a (carbon-Me(A) or Me(A)G) inclination layer 14-2 
' formed on the (Me(A) or Me(A)C-Me(B) or Me(B)C) 
inclination layer 14-1 , including the carbon (C), and 
the metal or semi-metal (Me(A)) of the kind (A) or 
the carbide of the metal or semi-metal (Me(A)C) of 
the kind (A), where a composition ratio of the carbon 
(C) is increased in a direction away from the base 
material 11 ; and 

a carbon layer 15 formed at an atom level, formed 
on the (carbon-Me(A) or Me(A)C) inclination layer 
14-2. 

[0054] The base material-side portion 12a includes a 
portion close to the base material 11 (that is r a ((Me(B) 
or(Me(B)C) portion), of the (Me (A) or Me(A)C-Me(B) or 
Me(B)C) inclination layer 14-1,. and the base material 
opposite-side portion 12b includes the carbon layer 15. 
[0055] Effects obtained by Variation VI are as follows: 

(a) Since the carbon layer 1 5 is provided, a low elec- 
tric resistance and a high corrosion resistance are 
obtained, so that.a reliability of the separator is im- 
proved. 

(b) Since the (Me (A) or Me(A)C-Me(B) or.Me(B)C) 
inclination layer 14-1 and the (carbon- Me (A) or Me 
(A)C) inclination layer 14-2- are provided, 

(b-1) due to the metal-metal bonding and the 
carbon-metal bonding, the (Me(A) or Me(A) 



(a) Since the carbon layer 15 is provided, a low elec- 
tric resistance and a high corrosion resistance are 
obtained, so that a reliability of the separator is im- 
proved. 25 

(b) Since the (Me(A) or Me(A)C-Me(B) or Me(B)C) 
inclination layer 14-1 and the (carbon-Me(A) or Me 
(A)C) inclination layer 14-2 are provided, 

(b-1) due to the metal-metal bonding and the 30 
carbon-metal bonding, the (Me(A) or Me(A) 
C-Me(B) or Me(B)C) inclination layer 14-1 and 
the (carbon-Me(A) or Me(A)C) inclination layer 
14-2 are tight, so that a low electric resistance 
and a high corrosion resistance are obtained; 35 
(b-2) due to the inclination of the composition 
ratio of carbon and metal or semi-metal (A) and 
the inclination of the composition ratio of metal 
or semi-metal (A) and metal or semi-metal (B), 
a stress in the (Me(A) or Me(A)C-Me(B) or Me *o 
(B)C) inclination layer 14-1 and a stress in the 
(carbpn-Me(A) or Me(A)C) inclination layer 
14-2 are relieved, so that a bond strength be- 
tween the (carbon-Me(A) or Me(A)C) inclina- 
tion layer 14-2 and the carbon layer 15 and a ^5 
bond strength between the (carbon T .Me(B) or 
Me(B)C) inclination layer 14^1' and the (Me(B) 
or Me(B)C) layer 13 are increased, and as a 
result, a bond strength between the carbon lay- . 
er 1 5 and the (Me(B) or Me(B)C) layer 1 3 (thus, 50 
the base material 11) also is increased; and 
(b-3) due to the provision of two'or more incli- 
nation layers 14-1 and 14-2, a stress in the sur- 
face treatment layer 1 2 is more relieved than in 
a case of a single inclination layer. 55 

(c) Since the (Me(B) or Me(B)C) layer 13 is provid- 
ed, 
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C-Me(B) or Me(B)C) inclination layer 14-1 and 
the (carbon-Me(A) or Me(A)C) inclination layer 
14-2 are tight, so that a low electric resistance 
and a high corrosion resistance are obtained; 
(b-2) due to the inclination of the composition 
ratio of carbon and metal or semi-metal (A) and 
the inclination of the composition ratio of metal 
or semi-metal (A) and metal or semi-metal (B), 
a stress in the (Me(A) or Me(A)C-Me(B) or Me 
(B)C) inclination layer 14-1 and a stress in the 
(carbon-Me(A) or. Me(A)C) inclination layer 
14-2 are relieved, so that a bond strength be- 
tween, the (carbon-Me(A) or Me(A)C) inclina- 
tion layer t4-2 and the carbon layer 15 and a 
bond strength between the (carbon-Me(B) or 
Me(B)C) inclination layer 14-1 and the base 
material 11 are increased, and as a result, a 
bond strength between the carbon layer 15 and 
the base material 11 also is increased; and 
(b-3) due to the provision of two or more incli- 
nation layers 14-1 and 14-2, a stress in the sur- 
face treatment layer 12 is more relieved than in 
a case of a single inclination layer. 

[Variation VII] 

[0056] In Variation VII, as illustrated in FIG. 7, the sur- 
face treatment layer 12 includes: 

a (Me(B) or Me(B)C) layer 13-1 formed on the base 
material 11, made from the.metal orsemi-meta| (Me 
(B)) of a kind (B) having a corrosion resistance or 
the carbide of the metal or semi-metal of the kind 
(B) (Me(B)C); 

a (Me (A) or Me(A)C) layer 13-2 formed on the (Me 
(B) or Me(B)C) layer 13-1, made from the metal or 
semi-metal (Me(A)) of a kind (A) having a bonding 
ability with carbon or the carbide of the metal or 
semi-metal of the kind (A) (Me(A)C); and 
a carbon layer 15 formed at an atom level, formed 
on the (Me(A) or Me(A)C) layer 13-2. 

[0057] The base material-side portion 12a includes 
the (Me(B) or Me(B)C) layer 1 3-1 , and the base material 
opposite-side portion 12b includes the carbon layer 15. 
[0058] Effects obtained by Variation VII are as follows: 

(a) Since the carbon layer 1 5 is provided , a low elec- 
tric resistance and a high corrosion resistance are 
obtained, so that a reliability of the separator is im- 
proved. 

(b) Since the (Me(B) or Me(B)C) layer 1 3-1 and (Me 
• (A) or Me(A)C) layer 13-2 are provided, 

(b-1) due to the metal-metal bonding between 
the (Me(B) or Me(B)C) layer 1 3-1 and the base 
material 11 and due to the carbon-metal bond- 
ing between the (Me(A) or Me(A)C) layer 13-2 



and the carbon layer 15, bond strengths be- 
tween the layers are increased, so. that a struc- 
tural reliability is increased; 
(b-2) by using a metal more electric-chemically 
5 stable than the base material 1 1 , for the (Me(B) 

or Me(B)C) layer 13-1, a high corrosion resist- 
ance is obtained; and 

(b-3) due to the provision of the two layers 13-1 
and 1 3-2, a stress in the surface treatment layer 
10 12 is relieved more than that in a case of a sin- 

gle layer. 

[Variation VIM]. 

15 [0059] In Variation VIII, as illustrated in FIG. 8, the sur- 
face treatment layer 12 includes: 

a (Me(A) or Me(A)C-Me(B) or Me(B)C) inclination 
layer 14-1 formed oh the base material 11, including 

20 the metal or semi-metal (Me(A)) of a kind (A) or the 
carbide of the metal or semi-metal of the kind (A) 
(Me(A)C), and the metal or semi-metal (Me(B)) of 
the kind (B) orthe carbide of the metal or semi-metal 
of the kind (B) (Me(B)C), where a composition ratio 

25 of the metal or semi-metal (Me(A)) of the kind (A) 
orthe carbide of the metal or semi-metal of the sec- 
ond kind (A) (Me(A)C).is increased in a direction 
away from the base material 11; arid 
a (carbori-Me(A) or Me(A)C) inclination layer 14-2 

30 . formed on the (Me (A) or Me(A)C-Me(B) or Me(B)C) 
inclination layer 14-1 , including the carbon (C), and 
the metal or semi-metal (Me(A)) of the kind (A) or 
the carbide of the metal or semi-metal (Me(A)C) of 
the kind (A), where a composition ratio of the carbon 

35 (C) is increased in a direction away from the base 
material 11. 

[0060] The base material-side portion 12a includes a 
portion close to the base material 11 (that is, a ((Me(B) 

40 or (Me(B)C) portion), of the (Me(A) or Me(A)C-Me(B) or 
Me(B)C) inclination layer 14-1, and the base material 
opposite-side portion 12b includes a portion farfrom the 
base material 11 (that is, a carbon portion), of the (car- 
bon-Me(A) or Me(A)C) inclination layer 14-2. 

45 [0061] Effects obtained by Variation VIII are as fol- 
lows: 

(a) Since the (Me (A) or Me(A)C-Me(B) or Me(B)C) 
inclination layer 14-1 and the (carbon-Me(A) or Me 
50 (A)C) inclination layer 14-2 are provided, 

(a-1 ) due to the carbon-metal bonding, the (car- 
bon-Me(A) or Me(A)C) inclination layer 14-2 is 
tight, so that a low electric resistance and a high 
55 corrosion resistance are obtained; and 

since the base material opposite-side 
portion 12b includes a portion farfrom the base 
material 11 (that is, an almost carbon portion), 
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of the (carbon-Me(A) or Me(A)C) inclination 
layer 14-2, effects similar to those of the carbon 
layer 1 5, that is, a low electric resistance and a 
high corrosion resistance are obtained; and 
(a-2) due to the inclination of the composition 
ratio of carbon and metal or semi-metal (A) and 
the inclination of the composition ratio of metal 
or semi-metal (A) and metal or semi-metal (B), 
a stress in the (Me(A) or Me(A)C-Me(B) or Me 
(B)C) inclination layer 14-1 and a stress in the 
(carbon-Me(A) or Me(A)C) inclination layer 
14-2 are relieved, so. that a bond strength be- 
tween the (carbon-Me(A) or Me(A)C) inclina- 
tion layer 14-2 and the carbon layer 15 and a 
bond strength between the (carbon-Me(B) or 
Me(B)C) inclination layer' 14-1 and the base 
material 11 are increased, and as a result, a 
. bond strength between the carbon layer 15 and 
the base material 11 also is increased; and 
(a-3) due to the provision of two or more incli- 
nation layers 14-1 and 14-2, a stress in the sur- 
face treatment layer 12 is more relieved than in 
a case of a single inclination layer. 

[Variation IX] 

[0062] Variation IX-XII are cases where the outermost 
portion of the surface treatment layer 12 includes com- 
posite materials (carbon + Me or MeC) of carbon '(C) 
and metal or semi-metal (Me) or a carbide of the metal 
or semi-metal (MeC), formed at an atom level. 
[006.3] In Variation IX, as illustrated in FIG. 9, the sur- 
face treatment layer 12 includes: 

a (Me or MeC) layer 1 3 formed on the base material 
1 1 , made from the metal or semi-metal (Me) having 
a corrosion resistance or the carbide of the metal or 
semi-metal (MeC); 

a ((carbon + Me or MeC)-Me or MeC) inclination lay- 
er 14 formed on the (Me or MeC) iayer 13, including 
composite materials formed at an atom.level, of said 
carbon (C) and the metal or. semi-metal (Me) or the 
carbide of the metal or semi-metal (MeC) (carbon + 
Me or MeC), and the metal or semi-metal (Me) or 
the carbide of said metal or semi-metal (MeC), 
where a composition ratio of the composite materi- 
als (carbon + Me or MeC) is increased in a direction 
away from the base material 11; and 
a (carbon + Me or MeC) layer 15 formed on the 
((carbon + Me or MeC)-Me or MeC) inclination layer 
14, formed in composite materials at an atom level, 
of the carbon (C) and the metal or semi-metal (Me) 
or the carbide of the metal or semi-metal (MeC). 

[0064] The base material-side portion 12a includes 
the (Me or MeC) layer 13, and the base material oppo- 
site-side portion 1 2b includes the (carbon + Me or MeC) 
layer 15. 



[0065] Effects obtained by Variation IX are as follows: 

(a) Since the (carbon + Me or MeC) layer 15 is 
formed in composite materials, the (carbon + Me or 

5 MeC) layer 15 is tight, so that a low electric resist- 

ance and a high corrosion resistance, a re obtained, 
and as a result, a reliability of the separator is im- 
proved. 

(b) Since the ((carbon +. Me or MeC)-Me or MeC) 
10 inclination layer 14 is provided, 

(b~1) due to the composite material structure, 
the ((carbon + Me or MeC)-Me or MeC) inclina- 
tion layer 14 is tight, so that a low electric re- 
*5 sistance and a high corrosion resistance are 

obtained; and 

(b-2) due to the inclination of the composition 
ratio, a stress in the ((carbon + Me or MeC)-Me 
or MeC) inclination layer 14 is relieved, so that 

20 a bond strength between the ((carbon + Me or 

MeC)-Me or MeC) inclination layer 14 and each 
of the (carbon + Me or MeC) layer 15 and the 
(Me or MeC) layer 13 is increased, and as a 
result, a bond strength between the (carbon + 

25 Me or MeC) layer 15 and the base material 11 

also is increased. 

(c) Since, the (Me or MeC) layer 13 is provided, . 

30 (c-1) due to the metal-metal bonding between 

the (Me or MeC) layer 13 and the ((carbon + 
Me or MeC)-Me or MeC) inclination layer 14, 
and due to the metal-metal bonding between 
the (Me or MeC) layer 1 3 and the base material 

35 11, bond strengths between the layers are in- 

creased, so that a structural reliability is in- 
creased; and 

(c-2) by using a metal more electric-chemically 
stable than the base material 1 1 , for the (Me or 
40 MeC) layer 13, a high corrosion resistance is 

obtained. 

[Variation X] 

^5 [0066] In Variation X, as illustrated in FIG. 1 0, the sur- 
face treatment layer 12 includes: 

a ((carbon + Me or MeC)-Me or MeC) inclination lay- 
er 14 formed on the base material 11, including 

50 composite materials formed at an atom level, of said 
carbon (C) arid the metal or semi-metal (Me) or the 
carbide of the metal or semi-metal (MeC) (carbon + 
Me or MeC), and the metal or semi-metal (Me) or 
the carbide of said metal or semi-metal (MeC), 

55 where a composition ratio of the composite materi- 
als (carbon + Me or MeC) is increased in a direction 
away from the base material 11 ; and 
a (carbon + Me or MeC) layer 15 formed on the 
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((carbon + Me or MeC)-Me or MeC) inclination layer 
14, formed in composite materials at an atom level, 
of the carbon (C) and the metal or semi-metal (Me) 
or the carbide of the metal or semi-metal (MeC). 

5 

[0067] The base material-side portion 12a includes a 
portion close to the base material 11, that is, the almost 
(Me or MeC) portion, of the ((carbon + Me or MeC)-Me 
or MeC) inclination layer 14, and the base material op- 
posite-side portion 12b includes the (carbon + Me or 10 
MeC) layer 15. 

* [0068] Effects obtained by Variation X are as follows: 

(a) Since the (carbon + Me or MeC) layer 15 is 
formed in composite materials, the (carbon + Me or 15 
MeC) layer 15 is tight, so that a Tow electric resist- 
ance and a high corrosion resistance are obtained, 
and as a result, a reliability of the separator is im- 
proved. 

(b) Since the ((carbon + Me or MeC)-Me or MeC) 20 
inclination layer 14 is provided, 

(b-1) due to the composite material structure, 
the ((carbon + Me or MeC)-Me or MeC) inclina- 
tion layer 14 is tight, so that a low electric re- 25 
sistance and a high corrosion resistance are 
obtained;and 

(b-2) due to the inclination of the composition 
ratio, a stress in the ((carbon + Me or MeC)-Me 
or MeC) inclination layer 14 is relieved, so that 30 
a bond strength between the ((carbon + Me or 
MeC)-Me or MeC) inclination layer 14 and each 
of the (carbon + Me or MeC) layer 15 and the 
(Me or MeC) layer 13 is increased, and as a 
result, a bond strength between the (carbon + 35 
Me or MeC) layer 15 and the base material 11 
also is increased. 

[Variational] 

. '40 

. [0069] in Variation XI, as illustrated in FIG. 11 , the sur- 
face treatment layer 12 includes: 

a (Me or MeC) layer 1 3 formed on the base material 
11, made from the metal or semi-metal (Me) having 45 
a corrosion resistance and a bond ability with car- 
bon orthe carbide of the metal or semi-metal (MeC); 
and 

a (carbon + Me or MeC) layer 15 formed on the (Me 
or MeC) layer 13, formed in composite materials at so 
an atom, level, of the carbon (C) and the metal or 
semi-metal (Me) orthe carbide of the metal or semi- 
metal (MeC). 

[0070] The base material-side portion 12a includes 55 
the (Me or MeC) layer 1 3, and the base material oppo- 
site-side portion 12b includes the (carbon + Me or MeC) 
layer 15. 



[0071] Effects obtained by Variation XI are as follows: 

(a) Since the (carbon + Me or MeC) layer 15 is 
formed in composite materials, the (carbon + Me or 
MeC) layer 15 is tight, so that a low electric resist- 
ance and a high corrosion resistance are obtained, 
and as a result, a reliability of the separator is im- 
proved. 

(b) Since the (Me or MeC) layer 13 is provided, 

(b-1) due to the metal-metal bonding between 
the (Me or MeC) layer 1 3 and the base material 
11 and due to the carbon-metal bonding be- 
tween the (Me or MeC) layer 1 3 and the (carbon 
+ Me or MeC) layer 15, bond strengths between 
the layers are increased, so that a structural re- 
liability is increased; and 
(b-2) by using a metal more electric-chemically 
stable than the base material 11 , for the (Me or 
MeC) layer 13, a high corrosion resistance is 
obtained. 

[Variation XII] 

[0072] In Variation XII, as illustrated in FIG. 12, the 
surface treatment layer.12 includes: 

a ((carbon + Me or MeC)-Me or MeC) inclination lay- 
er 14 formed on the base material 11, including-: 
composite materials formed at an atom level, of said.: 
carbon (C) and the metal or semi-metal (Me) or the 
carbide of the metal or semi-metal (MeC) (carbon + , 
Me or MeC), and the metal or semi-metal (Me) or 
the carbide of said metal or semi-metal (MeC), 
where a composition ratio of the composite materi- . 
als (carbon + Me or MeC) is increased in a direction 
away from the base material 11 . 

[0073] The base material-side portion 12a includes a 
portion close to the base material 11 , that is, the almost 
(Me or MeC) portion, of the ((carbon + Me or MeC)-Me 
or MeC) inclination layer 14, and the base material op- 
posite-side portion 12b includes a portion far from the 
base material 11, that is, the almost (carbon + Me or 
MeC) portion, of the ((carbon + Me or MeC)-Me orMeC) 
inclination layer 14. 

[0074] Effects obtained by Variation XII are as follows: 

(a) Since the ((carbon + Me or MeC)-Me or MeC) 
inclination layer 14 is provided, 

(b-1) due to the composite material structure, 
the ((carbon + Me or MeC)-Me or MeC) inclina- 
tion layer 14 is tight, so that a low electric re- 
sistance and a high corrosion resistance are 
obtained; and 

(b-2) due to the inclination of the composition 
ratio, a stress in the ((carbon + Me or MeC)-Me 
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or MeC) inclination layer 14 is relieved, so that 
a bond strength between the ((carbon + Me or 
MeC)-Me or MeC) inclination layer 14 and the 
(Me or MeC) layer 13 is increased, and as a 
result, a bond strength between the (carbon + 
Me or MeC) portion of the ((carbon + Me or 
MeC)-Me or MeC) inclination layer 14 and the 
base material 11 also is increased. 

[0075] Next, portions unique to each embodiment of. 
the present invention will be explained. 
[0076] As illustrated in FIGS. 1-12, a separator 10 of 
a fuel cell according to a first embodiment of the present 
invention includes the base material 11 of the metal sep- 
arator and the surface treatment layer 1 2 formed on the 
base material 11. The surface treatment layer 12 in- 
cludes ah outside surface portion, formed at an atom 
level by dry coating, which may be any one of the carbon 
layer 15, the base material opposite-side portion 12b 
made from almost carbon {C), of the (carbon-Me or 
MeC) inclination layer 14, and the (carbon + Me or MeC) 
layer 15. The carbon layer may be made by sputtering. 
The carbon layer formed at an atom level has a thick- 
ness of, for example, 0.01-10 ujti, but not limited to the 
thickness. 

[0077] A method of manufacturing the separator 10 
according to the first embodiment of the present inven- 
tion includes a step of forming at least the base material 
•opposite-side portion- 12b (the carbon layer formed at 
• an atom level) by dry coating. 

[0078] The dry coating may be any of PVD, CVD and 
^combination of PVD and CVD. The PVD may be vapor 
.deposition, sputtering, or ion plating. When the surface 
treatment layer 12 includes the metal layer 13 and/or 
carbon-metal inclination layer 14, the metal layer 13 
and/or carbon-metal, inclination layer 14 also may be 
formed by dry coating. 

[0079] The effects of the separator "and the manufac- ' 
turing method thereof according to the first embodiment 
of the. present invention are the same as described in 
the explanation about the common structures and meth- 
ods. 

[0080] As illustrated in FIG. 13, a separator of a fuel 
cell according to a second embodiment of the present 
invention includes the base material 1 1 of the metal sep- 
arator and the surface treatment layer 1 2 formed on the 
base material 11. The surface treatment layer 12 further 
includes a carbon particle composite layer 16 formed on 
the base material opposite-side portion 1 2b (the carbon 
layer 15 formed at an atom level) of the surface treat- 
ment layer 12 according to the first embodiment of the 
present invention. A portion except the composite layer 
16, of the surface treatment layer 12 according to the 
second embodiment of the present invention has the 
same structures and effects as those of the surface 
treatment layer 12 according to the first embodiment of 
the present invention. 

[0081] The carbon particle composite layer 16 is 



formed by a wet coating method such as, for example, 
a spin coating method and a dipping method and is dif- 
ferent from the layer formed at an atom level by d ry coat- . 
ing. The carbon particle composite layer 16 formed by 

5 the wet coating includes, for example, a layer made of 
composite materials of graphite particles and a binder. 
[0082] A manufacturing method of the separator 1 0 of 
a fuel cell according to the second embodiment of the 
present invention includes steps of (a) forming at least 

10 the carbon layer 1 5 (according to the method of the first 
embodiment of the present invention) by the dry coating, 
and (b) further forming the carbon particle composite 
layer 1 6 by the wet coating method. 
[0083] With effects of the manufacturing method of 

15 the separator TO according to the second embodiment 
of the present invention, since the method includes the 
first step which is the same as that of the manufacturing 
method of the separator according to the first embodi- 
ment of the present invention, the same effects as those 

20 of the first embodiment of the present invention are ob- 
tained as well. Further, according to the second-embod- 
iment, effects (including a low electric resistance, a high 
corrosion resistance, and a long life) equivalent to those 
of a comparison example where a surface treatment lay- 

25 er is formed by forming a noble metal (for example, Au 
or Ag) layer by sputtering and then forming a carbon 
coating layer on the noble metal layer by wet coating 
are obtained without using the noble metal, that is, at a 
relatively low cost. The comparison example includes a 

30 surface treatment layer obtained by replacing the layer 
12 .of FIG. 13 by a noble metal layer. The present inven^ 
tion does not include the comparison example.^ 
[0084] Next, various tests about a corrosion resist- 
ance and an electrical conductivity of the separators ac- 

35 cording to the present invention and the comparison ex- 
ample were conducted and the results were compared 
with each other. The test results showed that the sepa- 
rator of the fuel cell according to the present invention 
have a sufficient corrosion resistance and a low electri- 
ze cal contact resistance. The tests and the result's thereof 
will be explained below in more detail. 

[CORROSION RESISTANCE TEST - 1] 

45 [0085] A corrosion resistance test was' conducted by 
a method (hereinafter, a couple current test method) 
shown in FIG. 14. A sample and an opposing electrode . 
(made from burn -formed carbon with which the separa- 
tor contacts in the fuel cell: graphite) were dipped in the 

50 acid aqueous solution simulating the environment (to 
which the separator is exposed in the fuelcell); The tem- 
perature was held at 80°C. The electric current density 
which the separator metal generated when dissolved in 
the form of an ion into the solution was measured by an 

55 ammeter disposed in an external circuit connecting the 
sample and the electrode. The corrosion period of time 
. was 100 hours. A positive electric current, which was a 
current generated when Me was dissolved in the form 
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of a positive ion, meant that the corrosion occurred, and 
a zero or negative current meant that there was no prob- 
lem from the viewpoint of corrosion. 

1 1 Test piece 5 

[0086] The following test pieces (samples) were prer 
pared: 

© No treatment/SUS 316L — The base material . 10 
was SUS 316L, and no surface treatment layer was 
formed. 

© C/CrC/Cr(three layers)/SUS 31 6L — The base 
material was SUS 31 6L, and a surface treatment 
layer of C/CrC/Cr(three layers) was formed. This 15 
sample belonged to the present invention and was 
of Variation l-type. the thicknesses of the C, CrC, 
• and Cr layers are 50 nm, 50 nm, and 75 nm, respec- 
tively. 

<3) C(single layer)/SUS 31 6L — The base material 20 
was SUS 31 6L, and a surface treatment layer of C 
(single layer) by sputtering was formed. This sam- 
ple corresponded to Japanese Patent Publication 
2000-67881 discussed in Related Art and was not 
included in the present invention. . 25 
® CrC(single layer)/SUS 31 6L — This sample be- 
longed to the present invention and was of Variation 
IV-type. 

(5) Cr(single !ayer)/SUS 316L — This sample had 

no C layer and was not included within the present 30 

invention. 

2; Test conditions 

[0087] Corrosion condition: sulfuric acid solution of 35 
pH2, 80°C 

Corrosion time period: 100 hours 

Opposing electrode material: burn-formed carbon 

(graphite) 

40 

3. Test results 

[0088] • FIG. 1 5 shows the test results. The following 
test results were obtained: 

* 45- 

a) The C/CrC/Cr(three layers )/SUS 31 6L (Sample 
(2) ) and the CrC(single layer)/SUS 31 6L (Sample 
@ ) only showed the corrosion resistance, required 
(a negative current density in the couple current 
test). 50 

b) The C(single layer)/SUS 31 6L (Sample© ) could 
not show the corrosion resistance required because 
bond between the base material and the surface 
treatment layer was not sufficient and the sample 
was not included within the present invention. Sim- 55 
ilarly, a single metal layer formed on the base ma- 
terial (Sample© ) could not show the corrosion re- 
sistance required and was not included within the 



present invention. 

c) As an under-layer of the carbon layer, the carbon/ 
metal inclination layer and metal layer (Sample© ) 
and the carbon/meta| inclination layer (Sample© ) 
were effective for corrosion resistance. 

[CORROSION RESISTANCE TEST - 2} 

[0089] A corrosion resistance test was conducted by 
a couple current test method) shown in FIG. 14. The 
samples included test pieces according to the first em- 
bodiment of the present invention and a comparison ex- 
ample where an Au layer was formed on a base material 
and a carbon coating layer was further formed on the 
Au layer. The corrosion resistance test was conducted. 

1 . Test piece 

[0090] The following test pieces (samples) were pre- 
pared: 

d) No treatment/SUS 31 6L — The base material 
was SUS 31 6L, and no surface treatment layer was 
formed. 

© 1 0nm Au sputter(single layer)/SUS 31 6L — The 
base material was SUS 31 6L, and a surface treat- 
ment layer of 10nm Au single layer formed by sput- 
tering. This sample was a comparison example.' 
(3) 40nm C/10nm Au sputter/SUS 31 6L The 
* base material was SUS 316L, and a surface treat- 
ment layer including two layers of 10nm Au layer 
formed by sputtering- and C particle composite layer 
formed on the 10nm Au layer. This sample was a 
comparison example. 
. ® C/CrC/Cr(three layers)/SUS 316L — The base 
material was SUS 31 6L, and a surface treatment 
layer of C/CrC/Cr(three layers) was formed. This 
sample belonged to the present invention and was 
of Variation l-type. The thicknesses of the C, CrC, 
and Cr layers are 50 nm, 50 nm, and 75 nm, respec- 
tively. 

2. Test conditions 

[0091] Corrosion condition: sulfuric acid solution of 
pH 2, 80°C 

Corrosion time period: 100 hours 

Opposing electrode material: burn-formed carbon 

(graphite) 

3. Test results 

[0092] FIG. 16 shows the test results. The following 
test results were obtained: 

a) From comparison between the 10nm Au sputter 
(single layer)/SUS 31 6L (Sample® ) and the 40nm 
C/1 Onm Au sputter/SUS 31 6L (Sample® ), it would 
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be understood that the C particle composite layer 
had a metal dissolution suppression effect (corro- 
sion resistance effect). 

b) From comparison between the C/CrC/Cr(three 
layers)/SUS 316L (Sample ©) and the 40nm CI 
10n Au sputter/SUS 316L (Sample® ), it would be 
understood that the test piece of Variation l-type 
had a metal dissolution suppression effect (corro- 
sion resistance effect) equal to or more excellent - 
than that of Sample® . 

c) Since the carbon particle composite layer had a 
metal dissolution suppression effect as would be 
understood from a), the separator according to the 
second embodiment.of the present invention had a 
metal dissolution suppression effect equal to or 
more excellent than that of the separator according 
to the first embodiment of the present invention. 

[CONTACT RESISTANCE TEST - 1] 

[0093] A corrosion resistance test illustrated in FIG. 
14 was conducted. A contact resistance of each test 
piece was measured before and after the contact resist- 
ance test illustrated in FIG. 17. In the measurement of 
the contact resistance, a pressure loaded on a test piece 
was set at 20 kgf/cm 2 substantially equal to an actual 
pressure of a fuel ceil, and an electric current was set 
at 1 A. An electric voltage V between opposite electrodes 
was measured, and a contact resistance R was calcu- 
lated using the following equation: . 

'R = V/l, where, I = 1 A 

1 . Test piece (the same test pieces as those of 
CORROSION RESISTANCE TEST - 1) " 

[0094] The following test pieces (samples) were pre- 
pared: 

© No treatment/SUS 316L — The base material 
was SUS 31 6L, and no surface treatment layer was 
formed. 

(2) C/CrC/Cr(three layers)/SUS 31 6L — The base 
material was SUS 31 6L, and a surface treatment 
layer of C/CrC/Cr(three layers) was formed. This 

. sample belonged to the present invention and was 
of Variation l-type. The thicknesses of the C, CrC, 
and Criayers are 50nm, 50 rim, and. 75 nm, respec- 
tively. 

(3) C(single layer)/SUS 31 6L — The base material 
was SUS 31 6L, and a surface treatment layer of C 
(single layer) by sputtering was formed. This sam- 
ple corresponded to Japanese Patent Publication 
2000-67881 discussed in Related Art and was not 
included in the present invention. 

© CrC(single layer)/SUS 31 6L — This sample be- 
longed to the present invention and was of Variation 



IV-type. 

© Cr(single layer)/SUS 31 6L — This sample had 
no C layer and was not included within the present 
invention. 

5 

2. Test conditions 

[0095] Corrosion condition: sulfuric acid solution of 
pH 2, 80°C 
10 Corrosion time period: 100 hours 

Opposing electrode material: burh-fbrmed carbon 
(graphite) 

3. Test results 

15 ' 

[0096] An electric current was measured before and 
after the corrosion test. The test results are shown in 
FIG. 18. The following test results were obtained: 

20 a) The C/CrC/Cr(three layers)/SUS 31 6L (Sample 

© ), the CrC(single layer)/SUS 316.L (Sample© ) 
andthe.C(single layer)/SUS 31 6L (Sample© ) only 
showed the low electric resistance required (an 
electric resistance lower than a predetermined ob- 

25 \ jective value). 

b) The Cr(single layer)/SUS 31 6L (Sample (5)) 
could not show an electric resistance lower than the 
objective value, and was not included within' the 
present invention. 

30 . .. 

[CONTACT RESISTANCE TEST - 2] 

[0097] A contact resistance test was conducted using 
the samples which included a test pieces according to 

35 the first embodiment of the present invention and a com- 
parison example where an Au layer was formed on a 
base material and a carbon particle composite layer was 
further formed on the Au layer. The test results were 
compared with each other. 

40 [0098] A corrosion generation was conducted accord- • 
ing to FIG. 14. A contact resistance of each test piece 
was measured before and after the contact resistance 
test according to FIG. 17, In the- measurement of the 
contact resistance, a pressure loaded on a test piece 

45 was set at 20 kgf/cm 2 substantially equal to an actual 
pressure of a fuel cell, and an electric current was set 
at 1 A. An electric voltage V between opposite electrodes 
was measured, and a contact resistance R was calcu- 
lated using the following equation: 

50 

R = V/l, where, I = 1 A 

1 . Test piece (the same test pieces as those of 
55 CORROSION RESISTANCE TEST - 2) 

[0099] The following test pieces (samples) were pre- 
pared: 
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© No treatment/SUS 316L — The base material 
was SUS 31 6L, and no surface treatment layer was 
formed. 

© 10nmAusputter(singlelayer)/SUS316L — The . 
base material was SUS 31 6L, and a surface treat- 5 
ment layer of 1 0nm Au single layer formed by sput- 
tering. This sample was a comparison example. 
© 40nm C/10nm Au sputter/SUS 3T6L — The 
base material was SUS 316L, and a surface treat- 
ment layer including two layers of 10nm Au layer 10 
formed by sputtering and C particle composite layer 
formed on the 10nm Au layer. This sample was a 
comparison example. 

© C/CrC/Cr(three layers)/SUS 316L — The- base 
material was SUS 31 6L, and a surface treatment 15 
layer of C/CrC/Cr( three layers) was formed. This 
sample belonged to the present invention and was 
of Variation l-type. The thicknesses of the C, CrC, 
and Cr layers are 50 nm, 50 nrn, and 75 nm, respec- 
tively. 20 

2. Test conditions 



[0100] Corrosion condition: sulfuric acid solution of 

pH 2, 80°C 25 

Corrosion time period: 100 hours 

Opposing electrode material: bum-formed carbon 

(graphite) 

3. Test results 30 

[0101] FIG. 19 shows the test results. The. following 
test results were obtained: 

a) The 10nm Au sputter(single layer)/SUS 316L 35 
(Sample ©), the 40nm C/10nm Au sputter/SUS 
31 6L (Sample (3) ), and the C/CrC/Cr(three layers) 
/SUS 31 6L (Sample @ ) only satisfied an objective 
(a contact resistance lower than a predetermined 
■electric resistance).. 40 
. b) The C/CrC/Cr(threelayers)/SUS 31 6L (Sample 
@ ) has an electric resistance lower than that of the 
40nm C/1 Onm Au sputter/SUS 31 6'L (Sample © ). 

[0102] From above, it can be seen that the separator 45 
according to the present invention has a corrosion re- 
sistance and an electric resistance more excellent than 
any of the separator with no surface treatment layer, the 
separator of Japanese Patent Publication 2000-67881 
or equivalent thereof, and the comparison example (the 50 
separator having the Au layer and the carbon particle 
composite layerformed on the Au layer). Therefore, the 
separatorof a fuel cell according to the present invention 
is suitable for use. 

[0103] According to the present invention, the follow- 55 
ing technical advantages or effects can be obtained: 

First, according to the separator of a fuel cell (ac- 



cording to the first embodiment of the present in- 
vention), since the surface treatment layer has a 
metal layer (the base material-side portion) be- 
tween the carbon layer (the base material opposite^ 
side portion) and the separator base material, bond 
between the carbon layer and the separator base 
material is increased. As a result, a corrosion resist- 
ance is improved and a long life is obtained. Further, 
: since the carbon layer is formed at an atom level, 
generation of defects in the carbon layer is sup- 
pressed, so that a low electric resistance and a high 
corrosion resistance are obtained. 
Second, accord ing to the separator of a fuel cell (ac- • 
cording to the second embodiment of the present 
invention), since the surface treatment layerfurther 
includes a carbon particle composite layer formed 
on the carbon layer formed at an atom level, the 
same technical advantages as those obtained due 
to the carbon layer formed at an atom level are ob- 
tained as they are. Further, a low electric resistance, 
a high corrosion resistance and a long life, which 
are obtained in a comparison example where an Au 
layer is formed on a base material and. a carbon 
coating layer is further formed on the Au layer, can 
be obtained without using; the noble metal, that is, 
at a low cost. ; 
Third, in the separator of a fuel cell according to any 
of the first and second embodiments, various vari- 
ations (for example, Variations l-XII) can be taken. 
Fourth, according to the manufacturing method of 
the separator for a fuel cell according to any of the 
first and second embodiments of the present inven- 
tion, since at least the carbon layer is formed by dry 
coating, the carbon layer can be manufactured at 
an atom level easily. 

' [0104] A separator (10) of a fuel cell includes a base 
material (11) and a surface treatment layer (12) formed 
on the base material (11). The surface treatment layer 
(12) includes a base material-side portion (12a) made 
from metai and a base material opposite-side portion 
(12b) made from carbon formed at an atom level or com- 
posite materials of carbon and metal or semi-metal. The 
surface treatment layer (12) may further include carbon 
particle composite layer (16) formed on the base mate- 
rial opposite-side portion (12b) formed at an atom level. 
In a manufacturing method of the above separator (10) 
of a. fuel cell, the base material opposite-side portion 
(12b) is formed by dry coating. 



Claims 

1. A separator (10) of a fuel cell comprising: 

a base material (11) made of metal; and 

a surface treatment layer (12) formed on said 

base material (11), 



27 



EP 1 369 942 A2 



28 



said surface treatment layer (12) including: 

a base material-side portion (12a) made 
from metal or semi-metal, or a carbide of 
said metal or semi-metal; and 
a base material opposite-side portion (1 2b) 
made from carbon formed at an atom level, 
or composite materials of carbon and (a) 
said metal or semi-metal or (b) said carbide 
of saicl metal or semi-metal formed at an 
atom level. 

2. A separator (1 0) according to claim 1 , wherein said 
surface treatment layer (12) further includes a car- 
bon particle composite layer (16) formed on said 
base material opposite-side portion (12b). 

3. A separator (1 0) according to claim 1 , wherein said 
metal of said surface treatment layer (12) is of a dif- 
ferent kind from a metal of said base material (11). 

4. A separator (10) according to claim 1 , wherein said 
surface treatment layer (12) includes at least two of 
said metal or semi-metal, said carbide of said metal 
or semi-metal, and carbon, and said surface treat- 
ment layer (12) inclines in concentration between 
said base rnaterial-side portion (12a) and said base 
material opposite-side portion (12b). 

5. A separator (10) according to any one of claims 1 
and 2, wherein said surface treatment layer (12) in- 
cludes: 

a corrosion resistant layer (13) formed on said 
base material (11), made from said metal or 
semi-metal- or said carbide of said metal or 
semi-metal; 

an inclination layer (14) formed on said corro- 
sion resistant layer (13), including said carbon, 
and said metal or semi-metal or said carbide of 
said metal or semi-metal, where a composition 
ratio of said carbon is increased in .a. direction 
away from said base material (11); apd 
a carbon layer (15) formed at an atpm level, 
formed on said inclination layer (14), 

wherein said base material-side portion (12a) in- 
cludes said corrosion resistant layer (13), and said 
base material opposite-side portion (12b) includes 
said carbon iayer (15). 

6. A separator (10) according to any one of claims 1 
and 2, wherein said surface treatment layer (12) in- 
cludes: 

an inclination layer (14) formed on said base 
material (11), including said carbon/and said 
metal or semi-metal or said carbide ofsaid met- 



al or semi-metal, where a composition ratio of 
said carbon is increased in a direction away 
from said base material (11); and 
a carbon layer (15) formed at an atom level, 
5 formed on said inclination layer (.14), 

wherein said base material-side portion (12a) in-, 
eludes a portion ofsaid inclination layer (14) close 
to said base material (11), and said base material 
10 opposite-side portion (12b) includes said carbon 
layer (15). 

7. A separator (10) according to any one of claims 1 
and 2, wherein said surface treatrhent layer (12) in- 
15 eludes: 

a corrosion resistant layer (13) formed on said 
base material (11), made from said metal or 
semi-metal and a bond ability with carbon or 
20 said carbide ofsaid metal or semi-metal; and 

a carbon layer (15) formed at a'n atom level, 
formed on said corrosion resistant layer (13), 

wherein said base material-side portion. (12a) in- 
25 eludes said corrosion resistant layer (13), and said 
base material opposite-side portion (12b) includes 
. said carbon layer (15). 

. 8. A separator (10) according to any one of claims 1 
30 and 2, wherein said surface treatment layer (12) in- 

cludes:- 

an inclination layer (14) formed on said base 
material (11), including said. carbon, and said 
35 metal or semi-metal or said carbide ofsaid met- 

al or semi-metal, where a composition ratio of 
said carbon is increased in a direction away 
from said base material (11), 

^0 wherein said base material-side portion (12a) in- 
cludes a portion of said, inclination layer (14) close 
to said base material (11), and said base material 
opposite-side portion (12b) includes a portion far 
from said base material (11), ofsaid inclination layer 

45 (14). 

9. A separator (10) according to any one of claims 1 
and 2, wherein said surface treatment layer (12) in- 
cludes: 

50 

a corrosion resistant layer (13) formed on said 
base material (11), made from said metal or. 
semi-metal of a first kind or said carbide ofsaid 
metal or semi-metal of said first kind; 
55 a first inclination layer (14-1) formed on said 

corrosion resistant layer (13), including said 
metal or semi-metal of a second kind or said 
carbide of said metal or semi-metal of said sec- 
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ond kind, and said metal or semi-metal of said 
first kind or said carbide of said metal or semi- 
metal of said first kind, where a composition ra- 
tio of said metal or semi-metal of said second 
kind or said carbide of said metal or semi-metal 5 
of said second kind is increased in a direction 
away from said base material (11); 
a secondjnclination layer (14-2) formed on said 
first inclination layer (14-1), including said car- - 
bon, and said metal or semi-metal of said, sec- 10 
ond kind or said carbide of said metal or semi- 
metal of said second kind, where a composition 
ratio of said carbon is increased in a direction 
. away from said base material (11); and 
a carbon layer (15) formed at an atom level, 15 
formed on said second inclination layer (14-2), 

wherein said base material-side portion (12a) in- 
cludes said corrosion resistant layer (13), and said 
v base material opposite-side portion (12b) includes 20 
said carbon layer (15). 

0. A separator (10) according to any one of claims 1 
and 2, wherein said surface treatment layer (1 2) In- 
cludes: 25 

. a first inclination layer (14-1) formed on said 
base material (11), including said metal or 
semi-metal of a first kind or said carbide of said 
metal or semi-metal of said first kind, and said 30 
metal or semi-metal of a second kind or said 
carbide of said metal or semi-metal of said sec- 
ond kind, where a composition ratio of said met- 
■ al or semi-metal of said first kind orsaid carbide 
of said metal or semi-metal of said first kind is 35 
increased in a direction away from said base 
material (11); 

a second inclination layer (14-2) formed on said 
first inclination layer (14-1), including said car- 
bon, and said metal or semi-metal of said first **0 
kind or said carbide of said metal or semi-metal 
of said first kind, where a composition ratio of 
said carbon is increased in a direction away 
from said base material (11); and 
a carbon layer (15) formed at an atom level, *5 
formed on said second inclination layer (14-2), 

wherein said base material-side portion (12a) in- 
cludes a portion of said first inclination layer (14-1) 
close to said base material (11), and said base ma- so 
terial opposite-side portion (12b) includes said car- 
bon layer (15). 

1. A separator (10) according to any one of claims 1 
and 2, wherein said surface treatment layer (12) in- 55 
eludes: 

a corrosion resistant layer (13-1) formed on 



said base material (11), made from said metal 
or semi-metal of a first kind or said carbide of 
said metal or semi-metal of said first kind; 
a bonding layer (13-2) formed on said corrosion 
resistant layer (13-1), made from said metal or 
semi-metal of a second kind having a bonding 
characteristic with carbon or said carbide of 
said metal or semi-metal of said second kind; 
and 

a carbon layer (15) formed at an atom level, 
formed on said bonding layer (13-2), 

wherein said base material-side portion includes 
said corrosion resistant layer (13-1), and said base 
material opposite-side portion (12b) includes said 
carbon layer (15). ■ 

12. ' A separator (10) according to any one of claims 1 

and 2, wherein said surface treatment layer (12) in- 
cludes: 

a first inclination layer (14-1) formed on said 
base material (11), including said metal or 
semi-metal of afirstkind orsaid carbide of said 
metal or semi-metal of said first kind, and said 
metal or semi-metal of a second kind or said 
carbide of said metal or semi-metal of said sec- 
ond kind, where a composition ratio of said met- 
al orsemi-metal of said first kind orsaid carbide- 
of said m§tal orsemi-metal of said first kind is 
increased in a. direction away from said base 
material (11); and 

a second inclination layer (14-2) formed on said 
■ first inclination layer (14-1), including said car- 
bon, and said metal or semi-metal of said first 
kind or said carbide of said metal or semi-metal 
of said first kind, where a composition ratio of 
said carbon is increased in a direction away 
from said base material (11), 

wherein said base material-side portion (12a) in- 
cludes a portion close to said base material (11), of 
said first inclination layer (14-1), and said base ma- 
terial opposite-side portion (12b) includes a portion 
far from said base material (11), of said second in- 
clination layer (14-2). 

13. A separator (10) according to any one of claims 1 
and 2, wherein said surface treatment layer (12) in- 
cludes: 

a corrosion resistant layer (13) formed on said 
base material (11), rhade from said metal or 
semi-metal or said carbide of said metal or 
semi-metal; 

an inclination layer (14) formed on said corro- 
sion resistant layer (13), including composite 
materials formed at an atom level, of said car- 
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bon and said metal or semi-metal or said car- 
bide of said metal or semi-metal, and said metal 
or semi-metal or said carbide of said metal or 
semi-metal, where a composition ratio of said 
composite materials is increased in a direction 
away from said base material (11); and 
a composite material layer (15) formed on said 
inclination layer (14), formed in composite ma- 
terials at an atom level, of said carbon and said 
metal or semi-metal or said carbide of said met- 
al or semi-metal, 

wherein said base material-side portion (12a) in- 
cludes said corrosion resistant layer (13), and said 
base material opposite-side portion (12b) includes 
said composite material layer (15). 

14. A separator (10) according to any one of claims 1 
and 2, wherein said surface treatment layer (12) in- 
cludes: 

an inclination layer (14) formed on said base 
material (11), including composite materials 
formed at an atom level, of said carbon and said 
metai or semi-metal or said carbide of said met- 
al or semi-metal, and said metal or semi-metal 
or said carbide of said metal or semi-metal, 
where a composition ratio of said carbon and 

* said metal or semi-metal or said carbide of said 
metal or semi-metal is increased in a direction 
away from said base material (11); and 
a composite material layer (15) formed on said 
inclination layer (14), formed in composite ma- 
terials at an atom level, of said carbon and said 
metal or semi-metal or said carbide of said met- 

t al or semi-metal, 

wherein said base material-side portion (12a) in- 
cludes a position close to said base material (11), 
of said inclination layer (14), and said base material 
opposite-side portion (12b) includes said composite 
material layer (15). 

15. A separator (10) according to any one of claims 1 
and 2, wherein said surface treatment layer (12) in- 
cludes: . 

a corrosion resistant bonding layer (13) formed 
on said base material (11 ), made from said met- 
al or semi-metal having a bonding characteris- 
tic with carbon or said carbide of said metal or 
semi-metal; and 

a composite material layer (15) formed on said 
corrosion resistant bonding layer (13), formed 
in composite materials at an atom level, of said 
carbon and said metal or semi-metal or said 
carbide of said metal or semi-metal, 



wherein said base material-side portion (12a) in- 
cludes said corrosion resistant bonding layer (13), 
and said base material opposite-side portion (12b) 
includes said composite material layer (15). 

16. A separator (.10) according to any one of claims 1 
and 2, wherein said surface treatment layer (1 2) in- 
cludes: 

10 an inclination layer (14) formed on said base 

material (11), including composite materials 
formed at an atom level, of said carbon and said 
metal or semi-metal or said carbide of said met- 
al or semi-metal, and said metal or semi-metal 

15 or said carbide of said metal or semi-metal, 

where a composition ratio of said carbon and 
said metal or semi-metal or said carbide of said 
metal or semi : metal is increased in a direction 
away from said base material (11 ); 

20 

wherein said base material-side portion (12a) in- 
eludes a portion close to said base material (11), of 
said inclination layer (14), and said base material 
opposite-side portion (12b) includes a portion of 
25 said inclination layer (14) far from said base mate- 

rial (11). 

17. A manufacturing method for a separator (10) of a 
fuel cell including a base material (11 ) made of met- 

30 al and a surface treatment layer (1 2) formed on said 

base material (11 ), said surface treatment layer (12) 
including: 
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a base material-side portion (12a) made from 
metal or semi-metal, or carbide of said metal or 
semi-metal; and 

a base material opposite-side portion (12b) 
rriade from carbon formed at an atom level, or 
composite materials of carbon and (a) said met- 
. al or semi-metal or (b) said carbide of said met- 
al or semi-metal formed at an atom level, 
said method comprising a step of forming said 
base material opposite-side portion (12b) by 
dry-coating including a physical vapor deposi- 
tion. . ' 

18. A method according to claim 17, further including a 
step of forming a carbon particle composite layer 
(16) on said base material opposite-side portion 
(12b). 
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FIG. 1 

VARIATION I 
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FIG. 2 

VARIATION II 
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FIG. 3 

VARIATION III 
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FIG. 4 

VARIATION IV 
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FIG. 5 
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VARIATION VII 
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FIG. 9 



VARIATION IX 
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FIG. 10 
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FIG. 12 
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FIG. 13 
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FIG. 17 
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